1. Introduction {#sec1-jcm-07-00063}
===============

Adult-onset Still's disease (AOSD) is an autoimmune inflammatory condition first described by Bywaters in 1972 \[[@B1-jcm-07-00063]\]. The estimated prevalence of AOSD is currently 3.9 per 100,000 individuals. Analysis of 169 afflicted patients showed a mean onset age of 46 years \[[@B2-jcm-07-00063]\]. Characteristic features of AOSD include rash, fever, peripheral joint, neck, and sacroiliac joint affections, biopsy findings, serology, and prognosis. Rheumatoid factor (RF) is typically absent or at low--normal titre, as in childhood, and antinuclear antibody (ANA) is negative \[[@B1-jcm-07-00063],[@B3-jcm-07-00063]\]. Although AOSD onset has been suggested to accompany infection or malignant tumors, no causal relationships have been established to date and the etiology of AOSD remains unknown \[[@B4-jcm-07-00063]\].

Non-steroidal anti-inflammatory drugs and glucocorticoids are primarily used for AOSD treatment, with recent reports of glucocorticoids and anti-rheumatoid disease-modifying drugs \[[@B5-jcm-07-00063]\]. In either case, glucocorticoid-induced osteoporosis (GIO) is considered a major complication of AOSD. Although GIO treatment using bisphosphonates (BPs) as a first-line drug in AOSD patients had been described \[[@B6-jcm-07-00063]\], both patients in the present study had refused BPs due to upper gastrointestinal intolerance. Accordingly, denosumab, an antibody against the human receptor activator of NF-κB ligand (RANKL) \[[@B7-jcm-07-00063]\], was selected as an alternative agent. To the best of our knowledge, there have been no reports of the efficacy of denosumab for GIO in AOSD.

This study describes the clinical improvement of two cases of AOSD with GIO by denosumab therapy.

2. Case Presentation {#sec2-jcm-07-00063}
====================

2.1. Case 1 {#sec2dot1-jcm-07-00063}
-----------

A 74-year-old man was treated for AOSD with osteoporosis. AOSD was diagnosed based on two major symptoms (arthralgia \>2 weeks and fever \>39 °C, intermittent \>1 week) and five minor symptoms (sore throat, lymphadenopathy, abnormal liver function tests (LFT), negative ANA, and negative RF) in the department of internal medicine according to established criteria \[[@B8-jcm-07-00063]\]. He had no remarkable medical history prior to the study. After AOSD diagnosis, oral prednisolone was prescribed at 20 mg per day for the first four months and then tapered by 1 mg per week thereafter. After eight months, the disease appeared to be in remission and a dose of 5 mg per day was continued for the next year. Due to the prednisolone treatment, however, he was diagnosed as having GIO based on the guidelines for the management and treatment of glucocorticoid-induced osteoporosis of the Japanese Society for Bone and Mineral Research (2014 update) \[[@B8-jcm-07-00063]\]. Although he refused oral BPs due to gastroesophageal reflux disease symptoms, he was able to commence denosumab plus calcium (600 mg) and native vitamin D (400 IU) supplementation therapy. After three months of oral prednisolone at 5 mg per day, he began denosumab, injected subcutaneously every six months, and daily 0.75 μg eldecalcitol (ELD).

Serum calcium and phosphorus values did not change remarkably (data not shown), while bone alkaline phosphatase (BAP) and total procollagen type I N-terminal propeptide (P1NP) values gradually decreased during two months of therapy, and then gradually increased ([Figure 1](#jcm-07-00063-f001){ref-type="fig"}a,b). Urinary N-terminal telopeptide of type-I collagen (NTX) values decreased from one week and remained low thereafter ([Figure 1](#jcm-07-00063-f001){ref-type="fig"}c). Serum tartrate-resistant acid phosphatase (TRACP)-5b values decreased afrom one monthand remained low thereafter ([Figure 1](#jcm-07-00063-f001){ref-type="fig"}d). Serum 1,25(OH)~2~D~3~ and whole parathyroid hormone (PTH) values transiently decreased at one month of therapy (data not shown). Lumbar 1--4 bone mineral density (L-BMD), total hip BMD (H-BMD), and femoral neck BMD (FN-BMD) increased gradually during therapy ([Figure 1](#jcm-07-00063-f001){ref-type="fig"}e--g).

The patient continues to receive prednisolone at 5 mg per day. Since he moved to another prefecture, his treatment was ceased at six months of treatment.

2.2. Case 2 {#sec2dot2-jcm-07-00063}
-----------

Case 2 was a pre-menopausal 49-year-old woman with AOSD and osteoporosis. She was diagnosed in 2015 as having AOSD based on three major symptoms (arthralgia \>2 weeks, fever \>39 °C, intermittent \>1 week, and characteristic rash) and five minor symptoms (sore throat, lymphadenopathy in neck, abnormal LFT, negative ANA, and negative RF) in the department of internal medicine according to published criteria \[[@B8-jcm-07-00063]\]. She had no relevant medical history. After diagnosis, oral prednisolone was prescribed at 20 mg per day for the first four months, and then decreased by 1 mg per week thereafter. After five weeks of remission treatment, GIO was diagnosed as in Case 1 and therapy for osteoporosis was commenced. Subcutaneous daily teriparatide was given instead of bisphosphonate (BP) for six months due to upper gastrointestinal problems, which was switched to subcutaneous denosumab due to cost. She still takes 8 mg of glucocorticoids per day and has denosumab injections every six months.

Serum calcium and phosphorus values did not change substantially (data not shown). BAP and total P1NP gradually decreased after one month andone week of therapy, respectively, and stayed low thereafter ([Figure 2](#jcm-07-00063-f002){ref-type="fig"}a,b). TRACP-5b and urinary NTX were decreased at 1 week and remained low ([Figure 2](#jcm-07-00063-f002){ref-type="fig"}c,d). Serum 1,25(OH)~2~D~3~ transiently increased at one month and whole PTH transiently decreased at two months of therapy (data not shown). L-BMD, H-BMD, and FN-BMD increased gradually during treatment ([Figure 2](#jcm-07-00063-f002){ref-type="fig"}e--g).

In both patients, serum levels of BAP and total P1NP were measured as bone-formation markers using a chemiluminescent enzyme immunoassay and antibody radioimmunoassay. Serum levels of TRACP-5b and urinary levels of NTX (Osteomark^®^; Ostex International, Seattle, WA, USA) were assessed as markers of bone resorption using an enzyme-linked immunosorbent assay. Each marker was measured just before denosumab administration and at indicated times. BMD was measured using a dual-energy X-ray absorption fan-beam bone densitometer (Lunar Prodigy; GE Healthcare, Waukesha, WI, USA) at the lumbar 1--4 levels of the posteroanterior spine and bilateral total hips.

The study protocol was approved by the Ethics Committee of Shinshu University School of Medicine (Matsumoto, Japan) and Showa-Inan General Hospital (Komagane, Japan) and was carried out in accordance with the ethical standards set forth in the Declaration of Helsinki (2014 revision). Written consent for the publication of this case report was obtained from all patients prior to the start of the study.

3. Discussion {#sec3-jcm-07-00063}
=============

We herein report the successful improvement of GIO in two AOSD patients by denosumab therapy of six or 12 months that ameliorated BMD and bone turnover markers in both cases. No fractures or complications were recorded during the treatment period.

The pathogenesis of AOSD remains largely unknown, although several cytokines, such as interleukin-1 (IL-1), IL-6, IL-17, and tumor necrosis factor-alpha, may be important pro-inflammatory molecules, as reviewed by several research groups \[[@B9-jcm-07-00063],[@B10-jcm-07-00063]\]. Serum IL-17 contributes to disease pathogenesis \[[@B9-jcm-07-00063]\], and IL-1 is likely to be elevated in AOSD \[[@B10-jcm-07-00063]\]. Karmakar et al. reported that IL-17 promoted bone erosion in a murine collagen-induced arthritis model by upregulating the expression of RANKL and RANK, thereby enhancing osteoclastogenesis \[[@B11-jcm-07-00063]\]. Li et al. recently found that the IL-6 receptor monoclonal antibody, tocilizumab, exerted a favorable effect on recurrent AOSD \[[@B12-jcm-07-00063]\]. These findings suggest that the RANK/RANKL pathway represents a pathogenic mechanism of bone erosion and/or destruction in arthritic diseases, including AOSD. We and others have found denosumab to be useful for GIO patients \[[@B8-jcm-07-00063],[@B12-jcm-07-00063],[@B13-jcm-07-00063],[@B14-jcm-07-00063],[@B15-jcm-07-00063]\]. Although BPs are first-line drugs for GIO, the current patients exhibited upper gastrointestinal issues that precluded BP use. Denosumab inhibits osteoclastogenesis via the RANK/RANKL pathway, thus, we switched from daily teriparatide for six months to denosumab for one year in the female patient and gave denosumab for six months to the male patient for GIO in AOSD.

Vitamin D is required for optimal BMD increase during denosumab treatment \[[@B16-jcm-07-00063]\]. ELD, an analog of active vitamin D3, could improve BMD and reduce the risk of osteoporotic fractures \[[@B17-jcm-07-00063]\]. We previously reported that a combination therapy with denosumab and ELD ameliorated FN-BMD more effectively than did denosumab plus native vitamin D \[[@B18-jcm-07-00063]\]. In this study, a 0.9% increase of FN-BMD with ELD at six months in Case 1 and a 2.4% gain in FN-BMD without ELD at four months in Case 2 were observed during denosumab therapy. Nonetheless, a combination therapy of anti-resorption drugs and vitamin D, such as ELD, may produce better effects on bone metabolism and BMD, as reported previously \[[@B17-jcm-07-00063],[@B18-jcm-07-00063]\].

The limitations of the current study include the lack of a control group, the small sample size, different genders, and retrospective design. Nevertheless, our series provided evidence of a favorable response in BMD after six to 12 months of denosumab treatment in the rare disease AOSD.

In conclusion, BMD and bone turnover markers were improved by denosumab without fractures or adverse events in two AOSD patients with complicating GIO. Denosumab therefore represents a suitable option for GIO treatment in AOSD.
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The following are available online at <http://www.mdpi.com/2077-0383/7/4/63/s1>. Table S1. Patient characteristics and lumbar and total hip bone mineral density prior to denosumab therapy.
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Patient 1 data: Value changes in bone alkaline phosphatase (BAP) (**a**), type I procollagen N-terminal propeptide (total P1NP) (**b**), urinary N-terminal telopeptide of type-I collagen (urinary NTX) (**c**), and tartrate-resistant acid phosphatase (TRACP)-5b (**d**), before and after one week (W) and one, two, four, and six months (M) of denosumab therapy. Value changes in lumbar 1--4 bone mineral density (L-BMD) (**e**), total hip BMD (H-BMD) (**f**), and femoral neck BMD (FN-BMD) (**g**) before and at 6 M of therapy.
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![Patient 2 data: Value changes in bone alkaline phosphatase (BAP) (**a**), type I procollagen N-terminal propeptide (total P1NP) (**b**), urinary N-terminal telopeptide of type-I collagen (Urinary NTX) (**c**), and tartrate-resistant acid phosphatase (TRACP)-5b (**d**). before and at one week (W) and one, two, four, six, eight, and 12 months (M) of denosumab therapy. Value changes in lumbar 1--4 bone mineral density (L-BMD) (**e**), total hip BMD (H-BMD) (**f**), and femoral neck BMD (FN-BMD) (**g**) at the indicated time points.](jcm-07-00063-g002){#jcm-07-00063-f002}
